therapy in the treatment of newly diagnosed DLBCL, in younger as well as older patients (14, 15, 18, 23) . ECOG 4494 was a Phase III study that in the first randomization evaluated the safety and efficacy of R-CHOP versus CHOP induction in elderly patients with previously untreated DLBCL and in a second randomization evaluated the efficacy of subsequent rituximab maintenance therapy in patients responding to induction (14) (15) . The 3-year failurefree survival (FFS) rate was significantly higher after R-CHOP ± maintenance versus CHOP ± maintenance (53 % versus 46 %; p=0.04), and after using weighted Cox's regression analysis to remove the confounding effect of maintenance therapy, both FFS and OS were significantly improved after R-CHOP induction compared with CHOP alone (3-year FFS: 52 % versus 39 %; p=0.003; 3-year OS: 67 % versus 57 %; p=0.05). By contrast, preliminary data from a Phase II study of rituximab-containing chemotherapy induction followed by rituximab maintenance in a similar group of patients produced a 2-year PFS rate of 90 %, suggesting a potential role for rituximab maintenance after R-chemotherapy in this context (22) .
Here we report on a retrospective analysis conducted to determine the clinical benefit conferred by the addition of rituximab to CHOP or other chemotherapy in patients newly diagnosed with DLBCL treated at the Charles University Hospital, Hradec Králové, Czech Republic, between January 2001 and November 2004.
Patients and methods
Study design. This was a retrospective study evaluating the role of adding rituximab to anthracycline-based chemotherapy in patients with newly diagnosed DLBCL. Patients were treated at the Hematology Department of Charles University Teaching Hospital in Hradec Králové between January 2001 and November 2004. The analysis was performed in March 2006, giving a minimum follow-up of 12 months from the data of termination of the last patient's therapy. This analysis compares two historically different treatment strategies (chemotherapy (CHT) alone versus rituximab plus CHT (R-CHT) used in the periods before and after September 2002, when rituximab was introduced at our institution for the treatment of newly diagnosed DLBCL.
Eligibility criteria. All patients with newly diagnosed, histologically verified DLBCL who were treated with CHOP or other anthracycline-based CHT with or without rituximab with curative intent were included in the analysis. Patients with primary central nervous system lymphoma were excluded from the analysis, owing to the lack of information on the efficacy of rituximab in this setting and the poor prognosis compared with other patients with DLCBL (24) . Patients with localized disease treated with radiotherapy only were also excluded.
Treatment. All patients received anthracycline-based chemotherapy. Patients treated with CHOP-21 alone received a combination of cyclophosphamide, vincristine, doxorubicin, and prednisone at standard doses every 21 days. Other anthracycline-based chemotherapy regimens administered were MegaCHOP/ESAP/BEAM (intensified CHOP/etoposide, methylprednisolone, cytarabine/carmustine, cytarabine, etoposide, melphalan), hyperCVAD/HD-MTX + Ara-C (hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone/high-dose methotrexate and cytarabine), and VACOP-B (vincristine, doxorubicin, cyclophosphamide, etoposide, prednisone, bleomycin). Patients treated with R-CHT received rituximab 375 mg/m 2 intravenously on Day 1 of each cycle. Treatment was repeated every 21 days for a median of 6 (range 6-8) cycles.
Assessment of response. Efficacy variables including response rate and PFS were used to compare the CHT and R-CHT treatment schedules. Response criteria were used according to the report of the International Workshop to Standardize Response Criteria for Non-Hodgkin's Lymphoma (3). PFS was defined as the time from the date of diagnosis to documented disease progression and OS as the time from diagnosis until death from any cause.
Patients were followed up every 3 months after completion of therapy for the first 2 years and every 6 months thereafter. Routine examination of disease activity (computed tomography (CT) scan) was performed every 6 months in the first year and then once a year, or in the case of relapse/progression. Patients who relapsed/progressed were treated according to local clinical practice.
Toxicity. Toxicity of the treatments was assessed according to the standardized National Cancer Institute Common Toxicity Criteria, version 3.0.
Statistical analysis. Rituximab in combination with CHOP therapy was introduced into the first-line treatment of patients with DLBCL in the Czech Republic in September 2002. The analysis is based on follow-up data up to November 2005. Clinical and laboratory characteristics of patients treated with CHT only and R-CHT were compared.
Data were assessed according to the intention-to-treat principle; patients who received at least one cycle of therapy were included in the analysis. OS and PFS were estimated using the Kaplan-Meier method (15) . Comparison of survival curves was performed using the log-rank test. Fisher's exact test was used for statistical analysis of variables between CHT and R-CHT groups. Data were analyzed using NCSS statistical software version 6.0.
Results
Patient characteristics. The analysis included 85 patients with newly diagnosed DLBCL (48 patients in the R-CHT group and 37 patients in the CHT group) with a median age of 59 years (range 20-81 years). Initial stage I/II/III/IV disease was found in 17/33/16/19 patients, respectively. Classification according to the International Prognostic Index (IPI) score showed that the majority of patients (65 %) had an IPI score of 2-5. Elevated lactate dehydrogenase (LDH) was present at the time of diagnosis in 64 patients (75 %), extranodal involvement in 53 patients (62 %), and bulky disease >7 cm in 34 patients (40 %). The mediastinal variant of DLBCL was diagnosed in 14 cases (16 %). All patients were confirmed as having CD20-positive disease by immunohistochemistry. Treatment groups (CHT and R-CHT) were well balanced with respect to disease stage, extranodal involvement, IPI score, and age (Tab. 1).
All patients received anthracycline-based chemotherapy. CHOP-21 with or without rituximab was given to 63 patients (74 %). Twenty patients (24 %) were treated with the MegaCHOP/ESAP/BEAM regimen with or without rituximab within a Phase II study of the Czech Lymphoma Study Group for patients under 65 years with intermediateand high-risk DLBCL (21) . One patient received hyper-CVAD/HD-MTX+Ara-C and one VACOP-B plus rituximab. Treatment groups were well balanced with respect to firstline treatment regimen and proportion of patients treated with the high-dose protocol (MegaCHOP/ESAP/BEAM with or without rituximab) (Tab. 2). Although rituximab was introduced for the treatment of patients with DLBCL in the Czech Republic in September 2002, 4 patients (14 %) received it before this date. In addition, 13 patients (23 %) were treated with chemotherapy only in the "early rituximab era."
Treatment response. At the time of reporting, 85 patients were evaluable for efficacy, 48 in the R-CHT group and 37 in the CHT group. Median follow-up for living patients was 31 months for the whole group (range 10-54 months), 21 months (range 10-33 months) in the R-CHT group, and 38.5 months (range 29-54 months) in the CHT arm.
Complete remissions were observed more frequently with R-CHT than with CHT (CR + CRu: 93 % versus 73 %, p=0.02) (Tab. 3). Multivariate analysis revealed administration of rituximab with CHT, low IPI (0/1), and stage I/II di- sease were all strong predictors of CR achievement after initial treatment (Tab. 4). The rate of relapse or disease progression was significantly higher after CHT than R-CHT therapy (38 % versus 12 %; p=0.01) (Tab. 3). There was also a significantly lower incidence of early relapses (i.e. within 12 months) in the R-CHT arm compared with the CHT arm (8 % versus 34 %; p=0.03) (Tab. 3). Median time to disease progression or relapse was 10.5 months for all patients (range 6-28 months). The addition of rituximab to chemotherapy resulted in significantly better PFS -median PFS was significantly increased in the R-CHT group compared with the CHT group (median not reached versus 26.1 months; p=0.04) (Fig. 1) . Despite the trend to prolonged overall survival in R-CHT arm, the difference was not statistically significant at the time of assessment. Nineteen of twenty patients received further treatment at relapse or disease progression. Nine received palliative therapy, 6 patients were treated with salvage chemotherapy (R-ICE or R-ESAP) and 4 received salvage chemotherapy (R-ICE) followed by high-dose chemotherapy and autologous stem cell transplantation. Seven patients responded to second-line therapy, yielding an ORR of 37 % (6 CRs and 1 PR). The actuarial 2-year PFS and OS rates for the entire group were 65 % and 84 %, respectively.
Toxicity. The predominant toxicity was hematologic (Tab. 5). Grade 3 and 4 thrombocytopenia and neutropenia occurred in 34 % and 38 % of patients, respectively. The majority of observed toxicities were seen in patients receiving the MegaCHOP/ESAP regimen with or without rituximab with autologous stem cell transplantation. Neutropenic fever occurred in 25 % and 19 % of patients in the R-CHT and CHT arms, respectively. All of these patients were treated with the intensive protocol described above. There were 10 grade 3/4 infections -5 in each arm -comprising 7 cases of pneumonias (two of them of fungal origin), 2 cases of severe neutropenic sepsis, and 1 central venous catheter sepsis. Other common toxicities included nausea and/or vomiting (grade 3/4 in 12 % of patients). Venous thromboembolism occurred in 4 patients, and 1 patient developed dilation cardiomyopathy, probably related to anthracycline therapy. There were no statistically significant differences between the R-CHT and CHT groups in terms of the main toxicities observed (Tab. 5). ASCT -autologous stem cell transplantation; CR -complete remission; CRu -complete remission unconfirmed; DLBCL -diffuse large B-cell lymphoma; HDT -high-dose therapy; IPI -International Prognostic Index; LDH -lactate dehydrogenase.
Tab. 4:
CR/CRu after first-line treatment. 
Discussion
The treatment outcome for patients with DLBCL has dramatically improved since the addition of the anti-CD20 monoclonal antibody rituximab to chemotherapy protocols. The major benefit of rituximab lies in its ability to improve efficacy with no significant additional toxicity. Many studies have been conducted to assess the potential benefits of rituximab-based chemoimmunotherapy. In the pivotal GELA LNH 98-5 trial in elderly patients with previously untreated DLBCL, the addition of rituximab to CHOP conferred a significant improvement in complete response rate and EFS as well as in overall survival (5, 6, 7) . The improvements in clinical outcomes, including overall survival benefit, were maintained at the 5-year follow-up (10) .
Results of the MabThera International Trial (MInT) support the clinical utility of the addition of rituximab to CHOP and CHOP-like chemotherapy in newly diagnosed aggressive NHL in low-risk patients aged 60 and under 60 (18) . The British Columbia population-based retrospective analysis has shown that patients treated in the "rituximab era" had an 18 % improvement in 2-year PFS and 25 % improvement in 2-year OS compared with those in the "pre-rituximab era." The period of treatment was an independent strong predictor of outcome, with respect to better PFS and OS, for patients in the "rituximab era" (23) . Although the results of the ECOG 4494 study of R-CHOP versus CHOP in elderly patients with DLBCL were less clear-cut, this is likely to be a result of the confounding effects of maintenance therapy and possibly the different administration schedules used (8 cycles of rituximab and CHOP in the GELA study compared with 4-5 cycles of rituximab and 6-8 cycles of CHOP in ECOG 4494) (14) (15) .
The benefit of adding rituximab to chemotherapy in younger intermediate-and high-risk (age-adjusted IPI 2-3) patients under 60 years of age remains unproven. The optimal intensity of chemotherapy also remains unclear. Pfreundschuh and colleagues have conducted a study evaluating dose and/or time intensification of CHOP by shortening treatment intervals from 3 to 2 weeks (CHOP-14) and/or adding etoposide to CHOP (CHOEP) in patients with aggressive lymphoma. Time intensification significantly improved the time to treatment failure in patients 60 years of age and older (19) . The RICOVER-60 trial has investigated the addition of 8 cycles of rituximab to 6 or 8 cycles of CHOP-14 in comparison with 6 or 8 cycles of CHOP-14 alone (20) . Preliminary results show that the addition of 8 doses of rituximab to 6 cycles of CHOP-14 is associated with an optimal outcome in patients newly diagnosed with DLBCL over 60 years old. No benefit of 8 cycles of CHOP-14 chemotherapy has been shown in comparison with 6 cycles of CHOP-14 (20) .
Our retrospective analysis was performed to evaluate the clinical benefit of the addition of rituximab to CHOP or other anthracycline-based chemotherapy in the first-line treatment of patients with DLBCL. Although this study is not a concurrent comparison or randomized trial, our results support the essential role of rituximab-based chemoimmunotherapy in improving clinical outcomes in patients with DLBCL. The addition of rituximab to chemotherapy yielded an improved CR rate compared with chemotherapy alone. The increased response rate with R-CHT translated into a PFS benefit. R-CHT was associated with significantly prolonged PFS compared with CHT alone. Although longer follow-up is required to determine any overall survival benefit, these data lend further support to the clinical utility of the addition of rituximab to chemotherapy for the first-line management of DLBCL in routine clinical practice.
Results of ongoing randomized trials are expected to answer some key questions, including the most appropriate chemotherapy regimen to be combined with rituximab, the optimal timing, the level of dose to be administered, and the duration of therapy for individual patients (25) . Many questions are still to be answered in this field, but the combination of rituximab and chemotherapy is generally accepted as the current standard for all patients with newly diagnosed DLBCL. The addition of rituximab to chemotherapy presents a milestone in the treatment of patients with DLBCL in the last 20 years.
